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(54) Air-conditioning system for a motor vehicle, and motor vehicle equipped with the system

(57) An air-conditioning system is described which
comprises at least one heat exchanger (11) for exchang-
ing heat between external air and a corresponding inter-
mediate fluid, at least one heat exchanger (8) for ex-
changing heat between air within the passenger com-
partment (4) and a corresponding intermediate fluid, and
an enbloc assembly (16) wherein at least a condenser

(21) for a coolant, an evaporator (22) of the coolant, and
an internal heat exchanger (19) are integrated. The in-
ternal heat exchanger (19) is designed to enable heat
exchange between the coolant coming out from the evap-
orator (22) and coolant coming out from the condenser
(21). The enbloc assembly (16) is housed inside the en-
gine compartment (2), along with a compressor (17) for
the coolant.



2

EP 1 990 221 A1



EP 1 990 221 A1

3

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates in general to an
air-conditioning system for a motor vehicle, and to a mo-
tor vehicle equipped with the system.
[0002] More in particular, the present invention relates
to an air-conditioning system for a passenger motor ve-
hicle, to which the following description will refer without
any loss of generality.
[0003] In the field of passenger motor vehicles, it is
known to provide an air-conditioning system comprising
a heating circuit, which is designed to supply a heating
fluid to at least one heat exchanger provided with a fan
for sending a flow of hot air into the motor vehicle, and a
cooling circuit designed to supply a coolant to the heat
exchanger in order to send a flow of cold air into the motor
vehicle.
[0004] Generally, the heating circuit extends through
the motor-vehicle internal-combustion engine, and is
flown by an engine coolant. The heating fluid to be sup-
plied to the heat exchanger for heating the motor vehicle
is hence obtained using part of the coolant coming out
of the motor-vehicle engine before it enters the usual
radiator. The cooling circuit comprises in succession: a
compressor, a condenser, an expansion valve, and an
evaporator.
[0005] In known air-conditioning systems for motor ve-
hicles, the coolant currently used has in general a very
high global warming potential (GWP). In order to reduce
the greenhouse effect, a standard issued by the Europe-
an Community prescribes there should not be a yearly
loss of said coolant into the environment that exceeds a
given threshold. Furthermore, starting from 2011, cool-
ants that present a GWP higher than 150 must no longer
be used.
[0006] It has been proposed to use as coolant carbon
dioxide (CO2), which has a minimal global warming po-
tential. This fluid, when used as cooling gas, presents
very high operating pressures (30-140 bar). Said fluid
consequently requires pipes and corresponding gaskets
that are capable of withstanding said pressures.
[0007] It has also been proposed to use as coolant 1.1-
difluoro methane gas, known as R152a, which has a glo-
bal warming potential that falls within the limits of the
aforementioned standard, but is, however, relatively in-
flammable.
[0008] In known air-conditioning systems, in general
the condenser is placed in front of the radiator, on the
front part of the motor vehicle, so as to be impinged upon
by the external air. In turn, the compressor is housed in
the engine compartment and is normally driven by the
shaft of the motor-vehicle engine, via a drive belt. Finally,
the evaporator is housed in the passenger compartment,
for example underneath the dashboard, behind the usual
firewall that separates the engine compartment from the
passenger compartment. Housed in the engine compart-
ment is also an internal heat exchanger connected by
means of a first circulation circuit to the condenser, and

by means of a second circulation circuit to the evaporator.
This exchanger is rendered necessary in particular in the
case of CO2 systems to increase the efficiency thereof.
[0009] Known air-conditioning systems described
above present certain drawbacks. In the first place, the
various components listed above require corresponding
fixing means, so that installation of the system becomes
complicated and costly. In addition, the pipes necessary
for the two circuits are excessively long, are subject to
high levels of heat dispersions and require a high charge
of coolant. Finally, said pipes and the corresponding gas-
kets render the use of known coolants with low global
warming potential problematical.
[0010] In fact, in the case of CO2, the longer the pipes
and the greater the number of connections, the higher
the likelihood of losses and the cost of the system. Fur-
thermore, the pipes represent one of the components
with highest cost and most difficult to produce. In the case
of the R152a gas, the greater the number of connections,
the higher the possibility of a leakage of a potentially in-
flammable substance occurring.
[0011] The aim of the present invention is to provide
an air-conditioning system for a motor vehicle that is free
from the drawbacks described above and that enables
coolants with low GWP to be used.
[0012] According to the present invention, the above
aim is achieved by an air-conditioning system for a motor
vehicle, as defined in Claim 1.
[0013] For a better understanding of the invention an
embodiment will now be described by way of non-limiting
example, with reference to the annexed plates of draw-
ings, wherein:

- Figure 1 schematically shows a motor vehicle
equipped with an air-conditioning system according
to the invention;

- Figure 2 is a schematically shows an enbloc assem-
bly of the system of Figure 1; and

- Figure 3 is a variant of the enbloc assembly of Figure
2.

[0014] With reference to Figure 1, the reference
number 1 designates as a whole a passenger motor ve-
hicle, preferably an automobile, which comprises an en-
gine compartment 2, represented with dashed and dotted
lines, in which the usual vehicle engine 3, schematically
represented with dashed lines is installed. The motor ve-
hicle 1 also comprises a passenger compartment 4, also
represented only partially with dashed and dotted lines.
The passenger compartment 4 is separated from the en-
gine compartment 2 by a so-called "firewall" 6, represent-
ed with dashed and double dotted lines.
[0015] The motor vehicle 1 is equipped with an air-
conditioning system, designated as a whole by 7, which
comprises a heat exchanger 8 for exchanging heat be-
tween the air in the passenger compartment and an in-
termediate fluid, for example a mixture of water and gly-
col. The heat exchanger 8 is preferably set in the pas-
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senger compartment 4, for example underneath the
dashboard, and comprises a fan 9, which sends selec-
tively the air taken from the outside or the air present in
the passenger compartment 4 to the heat exchanger 8.
[0016] The air-conditioning system 7 further comprises
another heat exchanger for exchanging heat between
the external air and an intermediate fluid, which can be
the same as that of the exchanger heat 8. In particular,
this further heat exchanger can be constituted by the usu-
al radiator 11 for cooling the engine 3, which is set in the
front part of the compartment 2 of the engine 3. The ra-
diator 11 comprises a hydraulic circuit 12, which receives
the mixture that has cooled the engine 3 and, by means
of a circulation pump 13, sends it to the radiator 11. The
external air passes through the radiator 11 by means of
another fan 14.
[0017] The air-conditioning system 7 further comprises
refrigeration means, designated as a whole by 16, where-
in a coolant performs a cycle of refrigeration for enabling
a heat exchange between the intermediate fluid of the
exchanger 8 and the intermediate fluid of the radiator 11.
The refrigeration cycle is controlled by means of a com-
pressor 17 for compressing the coolant. The compressor
17 is also located in the compartment 2 of the engine 3
and is actuated by a shaft 18 driven by the engine 3, via
motion-transmission means, not shown in Figure 1.
[0018] As will be seen more clearly hereinafter, the re-
frigeration means 16 comprise an internal heat exchang-
er 19 (Figure 2), a condenser 21, and an evaporator 22.
In the condenser 21, the coolant yields heat to the inter-
mediate fluid of the radiator 11, whilst in the evaporator
22 the coolant subtracts heat from the intermediate fluid
of the heat exchanger 8. Finally, the air-conditioning sys-
tem 7 comprises means, in themselves known, for con-
trolling the humidity of the air in the passenger compart-
ment, and valve devices (not indicated), which enable
adjustment of the temperature of the passenger compart-
ment 4 under the control of manual-regulation means
and of a thermostat.
[0019] According to the invention, the air-conditioning
means 16 are integrated so as to form an enbloc assem-
bly, referred to hereinafter simply as "enbloc", which is
designated in the drawings with the same number 16,
and is designed to be housed in the compartment 2 of
the engine 3. In particular, integrated in the enbloc 16
are at least the internal heat exchanger 19, the condenser
21, and the evaporator 22.
[0020] The enbloc 16 further comprises a cooling cir-
cuit 23 (see also Figure 1), which is designed to cause
circulation of a coolant between the enbloc 16 and the
compressor 17. Advantageously, it is possible to use as
coolant the CO2 gas, so that the pipes of the circuit 23
must be suitable for supporting the necessary pressure
required by said gas. Alternatively, the liquid R152a can
be used as coolant, so that the pipes must be well isolated
and suitable for preventing any leakage of liquid through
the gasket.
[0021] The circuit 23 has an inlet 24 in the enbloc for

inlet of the coolant compressed by the compressor 17,
and an outlet 26 for return of the fluid to the compressor
17. In particular, the inlet 24 introduces the compressed
fluid into the condenser 21, whilst, through the outlet 26,
the fluid from the internal heat exchanger 19 returns to
the compressor 17.
[0022] The condenser 21 is in communication with the
radiator 11, through a heating circuit 27, which has an
inlet 28 for receiving the mixture of water and glycol com-
ing from the radiator 11, and an outlet 29 for sending the
mixture to the radiator 11, through a pump 31. The evap-
orator 22 is in communication with the heat exchanger 8
through a cooling circuit 32, which has an inlet 33 for
receiving the mixture of water and glycol coming from
the heat exchanger 8, through another pump 36, and an
outlet 34 for conveying the mixture back to the internal
heat exchanger 19.
[0023] In addition, the internal heat exchanger 19 is
connected to the evaporator 22 through an expansion
valve 37, designed to receive the coolant in liquid phase
from the internal heat exchanger 19 and to send the cool-
ant in the gas phase to the evaporator 22. Finally, the
condenser 21 is connected to the internal heat exchanger
19 by means of a conduit 38, whilst the evaporator 22 is
connected to said heat exchanger 19 by means of an-
other conduit 39.
[0024] Operation of the air-conditioning system 7 is de-
scribed in what follows.
[0025] In use, the coolant is compressed by the com-
pressor 17 and brought, once again in the gas phase, up
to a higher level of pressure. Through the inlet 24 of the
circuit 23, said fluid in liquid phase enters the condenser
21, where the mixture of water and glycol coming from
the radiator 11 circulates. The coolant hence yields heat
to the mixture, and is consequently cooled, whilst,
through the outlet 26 and the pump 31, the mixture re-
turns into the radiator 11, together with the mixture for
cooling the engine 3.
[0026] The coolant thus cooled, through the conduit
38 now passes into the internal heat exchanger 19, from
which, through the expansion valve 37, passes to the
lower pressure level and reaches the evaporator 22,
where in the two-phase state it is heated. Through the
outlet 34 from the evaporator 22, the mixture of water
and glycol is sent to the heat exchanger 8, where it ab-
sorbs the heat of the air of the passenger compartment
4. Through the inlet 33 of the circuit 32, the pump 36
causes circulation of the mixture thus heated from the
heat exchanger 8 to the evaporator 22. The coolant now
cools the mixture coming from the heat exchanger 8 and,
through the outlet 34, returns into the heat exchanger 8.
[0027] In the evaporator 22, the coolant is partially
heated and, through the conduit 39 now enters the inter-
nal heat exchanger 19, where heat exchange takes place
with the coolant entering through the conduit 38. In the
internal heat exchanger 19, the coolant coming from the
condenser 21 cools before entering the evaporator 22,
whilst the coolant coming from the evaporator 22 is heat-
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ed and, through the outlet 26, returns to the compressor
17.
[0028] According to the variant of Figure 3, the enbloc
assembly 16 also includes the compressor 17, in such a
way that the only link with the outer environment is con-
stituted by the pipes containing the intermediate fluids,
i.e., the mixtures of water and glycol, and by a mechanical
coupling between the compressor and the engine. For
the rest, operation of the system according to the variant
of Figure 3 is identical to that of Figures 1 and 2.
[0029] From what has been seen above the advantag-
es of the air-conditioning system of the invention as com-
pared to the known art are evident. In the first place, the
enbloc 16 facilitates enormously installation of the sys-
tem on the motor vehicle. In addition, the pipes of the
various circuits for circulation of the fluids between the
components of the enbloc are of limited length. Conse-
quently, on the one hand a limited amount of coolant is
necessary for operation of the system, whilst on the other
the risks due to the high pressures of the CO2 gas, or to
the inflammability of the R152a fluid is reduced.
[0030] In addition, since the coolant is contained ex-
clusively in the circuit 23 of the internal heat exchanger
19, it does not need to be supplied to the exchanger 8 of
the passenger compartment 4. The heat exchanger 8
may also easily undergo cleaning treatments, whilst the
presence of the circuits 23, 27 and 32 separate from one
another simplifies any possible maintenance interven-
tions, enabling in the event of failure or wear simple re-
placement only of the circuit affected. Finally, in the var-
iant of Figure 3, the integration of the compressor 17 in
the enbloc 16 further reduces the adiabatic losses of the
heat exchangers and the risk of the coolant escaping.
[0031] It is evident that various modifications and im-
provements can be made to the system described, with-
out thereby departing from the scope of the annexed
claims. For example, the coolant, and one or both of the
intermediate fluids, can be varied. In addition, more than
one heat exchanger can be envisaged for the passenger
compartment, and the number of pumps for circulation
of the various fluids can be varied. In turn, the exchanger
11 for exchanging heat with the external air can be distinct
from the radiator of the engine 3 and be set adjacent to
the enbloc 16. Finally, location of the enbloc 16 in the
engine compartment 2 can be varied.

Claims

1. An air-conditioning system (7) for a motor vehicle
having a passenger compartment (4) and an engine
compartment (2), the air-conditioning system (7)
comprising at least a first heat exchanger (11) for
exchanging heat between external air and a first in-
termediate fluid, and at least a second heat exchang-
er (8) for exchanging heat between air within said
passenger compartment (4) and a second interme-
diate fluid; said air-conditioning system (7) further

comprising a condenser (21) wherein a coolant
yields heat to said first intermediate fluid, an evapo-
rator (22) wherein said coolant subtracts heat from
said second intermediate fluid, and an internal heat
exchanger (19), designed to enable heat exchange
between the coolant coming out from said evapora-
tor (22) and the fluid coming out from said condenser
(21); said air-conditioning system (7) being charac-
terized in that at least said condenser (21), said
evaporator (22), and said internal heat exchanger
(19) are integrated so as to form an enbloc assembly
(16) designed to be housed in said engine compart-
ment (2).

2. The air-conditioning system according to Claim 1,
characterized in that said coolant is kept in circu-
lation between said condenser (21), said evaporator
(22), and said internal heat exchanger (19), by
means of a compressor (17), which is also housed
in said engine compartment (2).

3. The air-conditioning system according to Claim 2,
characterized in that said compressor (17) is op-
erated by an engine (3) of the motor vehicle via mo-
tion transmission means.

4. The air-conditioning system according to Claim 3,
characterized in that said compressor (17) is inte-
grated within said enbloc assembly.

5. The air-conditioning system according to any one of
Claims 2 to 4, characterized in that an expansion
valve (37) is arranged between said internal heat
exchanger (19) and said evaporator (22) to favour
evaporation of said coolant.

6. The air-conditioning system according to Claim 5,
characterized in that each of said heat exchangers
(8, 11) comprises a corresponding circuit (27, 32) for
circulating the corresponding intermediate fluid,
each of said circulation circuits (27, 32) comprising
a corresponding circulation pump (31, 36).

7. The air-conditioning system according to Claim 6,
characterized in that said internal heat exchanger
(19) is part of a cooling circuit (23) comprising said
compressor (17), said condenser (21), an expansion
valve (37), and said evaporator (22), which are ar-
ranged in succession in said cooling circuit (23).

8. The air-conditioning system according to Claim 6 or
Claim 7, characterized in that each of said inter-
mediate fluids is a mixture of water and glycol.

9. The air-conditioning system according to Claim 6 or
Claim 7, characterized in that said intermediate flu-
ids are the same as one another.
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10. The air-conditioning system according to any one of
the preceding claims, characterized in that said
coolant is a fluid with low global warming potential.

11. The air-conditioning system according to Claim 10,
characterized in that said coolant is constituted by
carbon dioxide or by a liquid, for example R152a gas.

12. The air-conditioning system according to any one of
the preceding claims, characterized in that it com-
prises a fan (9, 14) associated to each of said heat
exchangers (8, 11) for circulation of the air through
the associated heat exchanger (8, 11).

13. A motor vehicle comprising an air-conditioning sys-
tem according to any one of the preceding claims.
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